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@^ Method of detecting phosphatase. 

® An easy operable method of detecting phospliatase which comprises a step for the production of a dye to 
obtain an azo dye by the reaction of phosphatase in a tissue or cell or on chromosome with a 2'-naphthol AS 
phosphate, e.g. 3-hydroxy- N-2-biphenyl-2-naphthalenecarboxamide phosphate ester, followed by the reaction 
between the 2'-naphthol AS phosphate with a diazonium salt; an excitation step for the irradiation of excited light 
to the azo dye; and a detection step for the detection of fluorescence which is emitted upon irradiation of the 
excited light. The fluorescence is intense and lasts for a long time. 
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FIG. 1 
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Field of the Invention 

The present Invention relates to a fluorescent substance for the detection of phosphatase, which is very 
useful in, for example, the case where chromosome map is prepared by the use of phosphatase for 
5 genome analysis involving in-situ hybridization and the case where acid phosphatase and alkaline 
phosphatase in tissues or cells are detected. 

Description of the Prior Art 

70 For the in-situ hybridization of RNA or chromosomal DNA in tissues or cells or for the detection of 
specific antigens, immunofluorescence is often utilized in which an RNA or chromosomal DNA-bound 
antigen is United to an antibody which is bound to a fluorescent substance, and detection is made of the 
fluorescence of the fluorescent substance. The number of the fluorescent substance which is allowed to be 
bound to a single antibody is, however, only several to several dozens of molecules, for which the 

J5 sensitivity is restricted accordingly. Such immunofluorescence includes, for instance, a method which 
utilizes an FITC-bound antibody. 

In order to accomplish a great improvement of the sensitivity, it is desired to link an enzyme to an 
antibody by enzyme antibody technique. Here the enzyme antibody technique is for the detection of a 
specific antigen that has been bound to RNA or chromosomal DNA, which comprises linking of an enzyme- 

20 bound antibody to an antigen which have been bound to RNA or chromosomal DNA, followed by the 
reaction of a fluorescent substrate with the enzyme to produce a fluorescent substance, and detection of the 
fluorescence given off by the fluorescent substance. 

There is no limit to be placed on a decomposition reaction of a fluorescent substrates with an enzyme. 
Therefore, for example, a decomposition reaction of a fluorescent substrate with alkaline phosphatase allows 

25 the reaction of about 100,000 molecules of the fluorescent substrate per minute. This enables a 10,000-fold 
or more improvement of the fluorescent sensitivity as compared with the performance of the above- 
mentioned immunofluorescence technique. 

Immunofluorescence technique which utilizes the above-mentioned FITC-bound antibody, however, 
undergo rapid fading of the excited light, and the fluorescence disappears in several seconds in a usual 

30 indoor lighting environment. 

Accordingly the fluorescence must be detected immediately after its emission. Further the procedures 
must be followed in a dark room, resulting in a poor working efficiency. In addition an expensive laser 
microscope is required for the observation of the exited light, leading to a less general-purpose technique. 
Furthermore the fluorescence due to the FITC-bound antibody has a poor sensitivity and resolution. 

35 This presents a problem that superposition by image processing becomes necessary for the determination 
of the location of a certain base sequence site of the RNA or chromosomal DNA. That is. the emitted DNA 
on the chromosome due to the FITC-bound antibody must be superposed on the image entire chro- 
mosome. 

Under these circumstance, with an aim to solve those problems, E. J. M. Speel, et al. tried an enzyme 
40 antibody technique for the detection of fluorescence due to the use of Naphthol-AS/MX-phosphate, a 
commercially available fluorescent substrate and Fast Red TR which is an azo dye. 

This process aims to improve the ability of a fluorescent substance to deposit on tissues or 
chromosomes through coupling of Naphthol-AS/MX-phosphate and Fast Red TR in in-situ hybridization (The 
Histochemical Journal, vol. 24, p. 562, 1992; gist of the 9th International Histochemistry Conference). 

45 The process according to E. J. M. Speel, et a!, confirmed the delayed fading due to the improved 
deposition ability as compared with the prior art FITC immunofluorescen ce technique mentioned above. 

Nevertheless, the above process according to E. J. M. Speel, et al. fails to provide a better sensitivity 
than the above-mentioned FITC immunofluorescence technique of the prior art, and thus it has served mere 
to partially solve the problems. Thus, in view of these drawbacks of the prior art, the present invention 

50 intends to provide an easily operable method of detecting phosphatase which enables the emission of an 
intense fluorescence over a long period of time. 

Summary of the Invention 

55 The present invention aims to provide an easily operable method of detecting phosphatase which 
enables the emmission of an intense fluorescence over a long period of time. 

An easy operable method of detecting phosphatase which comprises a step for the production of a dye 
to obtain an azo dye by the reaction of phosphatase in a tissue or cell or on chromosome with a 2'-naphthol 
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AS phosphate, e.g. 3-hydroxy- N-2'-biphenyl-2-naphthalenecarboxamide phosphate ester, followed by the 
reaction between the 2'-naphthol AS phosphate with a diazonium salt; an excitation step for the Irradiation of 
excited light to the azo dye; and a detection step for the detection of fluorescence which is emitted upon 
irradiation of the excited light. The fluorescence is intense and lasts for a long time. 



Brief Description of the Drawings 

Fig. 1 illustrates the reaction between HNPP(3-hydroxy-N-2'-biphenyl-2-naphthalenecarboxamide phos- 
phate ester) and 2-biphenyl diazonium chloride according to the present invention; 
Fig. 2 illustrates the reaction between HNPP(3-hydroxy-N-2'-biphenyl-2-naphthalenecarboxamide phos- 
phate ester) and 4-chloro-2-toluene diazonium chloride according to the present invention; 
Fig. 3 illustrates the reaction between HMPNP(3-hydroxy-N-2'-methylphenyl-2-naphthalenecarboxamlde 
phosphate ester) and a diazonium salt according to the present invention; 

Fig. 4 is a photomicrograph (magnification: x 100) of a mouse kidney tissue which shows the detection of 
phosphatase by the use of HNPP and a diazonium salt (2-biphenyl diazonium chloride) in Example 1; 
Fig. 5 is a photomicrograph (magnification: x 100) of a mouse kidney tissue which shows the detection of 
phosphatase by the use of HNPP and a diazonium salt (4-methoxy-2-biphenyl diazonium chloride) in 

Example 2; 

Fig. 6 is a photomicrograph (magnification: x 100) of a mouse kidney tissue which shows the detection of 
phosphatase by the use of HNPP and a diazonium salt (3-biphenyl diazonium chloride) in Example 2; 
Fig. 7 is a photomicrograph (magnification: x 100) of a mouse kidney tissue which shows the detection of 
phosphatase by the use of HNPP and a diazonium salt (4-methoxy-3-blphenyl diazonium chloride) In 
Example 2; 

Fig. 8 is a photomicrograph (magnification: x 100) of a mouse kidney tissue which shows the detection of 
phosphatase by the use of HNPP and a diazonium salt (4-chloro-2-toluene diazonium chloride) in 
Example 2; 

Fig. 9 is a photomicrograph (magnification: x 100) of a mouse kidney tissue which shows the detection of 
phosphatase by the use of HNPP and a diazonium salt (2-toluene diazonium chloride) in Example 2; 
Fig. 10 Is a photomicrograph (magnification: x 100) of a mouse kidney tissue which shows the detection 
of phosphatase by the use of HNPP and a diazonium salt (3-bromo- 6-toluene diazonium chloride) in 

Example 2; 

Fig. 11 is a photomicrograph (magnification: x 100) of a mouse kidney tissue which shows the detection 
of phosphatase by the use of HNPP and a diazonium salt (3-bromo- 4-toluene diazonium chloride) in 

Example 2; 

Fig. 12 is a photomicrograph (magnification: x 100) of a mouse kidney tissue which shows the detection 
of phosphatase by the use of HNPP and a diazonium salt (2-methoxybenzene diazonium chloride) in 
Example 2; 

Fig. 13 is a photomicrograph (magnification: x 100) of a mouse kidney tissue which shows the detection 
of phosphatase by the use of HNPP and a diazonium salt (2,4-dlmethoxybenzene diazonium chloride) in 

Example 2; 

Fig. 14 is a photomicrograph (magnification: x 100) of a mouse kidney tissue which shows the detection 
of phosphatase by the use of HNPP and a diazonium salt (benzothiazole diazonium chloride) in Example 
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Fig. 15 is a photomicrograph (magnification: x 100) of a mouse kidney tissue which shows the detection 
of phosphatase by the use of HNPP and a diazonium salt (2-methoxy-3-dibenzofuran diazonium chloride) 
in Example 2; 

Fig. 16 is a photomicrograph (magnification: x 100) of a mouse kidney tissue which shows the detection 
5 of phosphatase by the use of HNPP and a diazonium salt (Fast Red B (green)) in Example 3; 

Fig. 17 is a photomicrograph (magnification: x 100) of a mouse kidney tissue which shows the detection 
of phosphatase by the use of Naphthol AS/MX Phosphate and a diazonium salt (2-blphenyl diazonium 
chloride) In Comparison 1; 

Fig. 18 is a photomicrograph (magnification: x 100) of a frozen mouse kidney tissue which shows the 
JO detection of phosphatase by the use of HNPP and 2-blphenyl diazonium chloride in Example 5; 

Fig. 19 is a photomicrograph (magnification: x 100) of a frozen mouse liver tissue which shows the 
detection of phosphatase by the use of HNPP and 2-blphenyl diazonium chloride in Example 7; 
Fig. 20 is a photomicrograph (magnification: x 100) of satellite DNA (multicopy) In a human metaphase 
chromosome which shows the detection of phosphatase by the use of HNPP and 2-blphenyl diazonium 
75 chloride in Example 8; 

Fig. 21 Is a photomicrograph (magnification: x 100) of a single copy gene in a human chromosome (c- 
myc, cDNA, 2.4 kb) which shows the detection of phosphatase by the use of HNPP and 2-blphenyl 
diazonium chloride In Example 9; 

Fig. 22 is a photomicrograph (magnification: x 100) of a frozen mouse kidney tissue which shows the 
20 detection of phosphatase by the use of HMPNP (3-hydroxy-N-2'-methyl- phenyl-2-naphthalenecarbox- 
amlde phosphate ester) and 2-biphenyl diazonium chloride in Example 10; 

Fig. 23 is a photomicrograph (magnification: x 100) of a frozen mouse kidney tissue which shows the 
detection of phosphatase by the use of 7-bromo-3-hydroxy-N-2'-biphenyl- 2-naphthalenecarboxamlde 
phosphate ester and 2-biphenyl diazonium chloride in Example 1 1 ; 

25 Fig. 24 illustrates the reactions between HNPP and a variety of diazonium salts in Example 12; 

Fig. 25 Illustrates the degree of diffusion of phosphatase In a frozen mouse kidney tissue and the Xex and 
X em values of azo dyes when HNPP and various diazonium salts In Example 12 were used; 
Fig. 26 Illustrates the reactions between HMPNP and a variety of diazonium salts in Example 13; and 
Fig. 27 illustrates the degree of diffusion of phosphatase in a frozen mouse kidney tissue and the Xex and 

30 X em values of azo dyes when HMPNP and various diazonium salts in Example 13 were used. 

Detailed Description of the Invention 

The present invention is a method of detecting phosphatase, which comprises a step for the production 
35 of a dye to obtain an azo dye by the reaction of phosphatase with 2'-naphthol AS phosphate represented by 
the general formula I below, for the coupling between the 2'-naphthol AS phosphate and a diazonium salt; 
an excitation step for the Irradiation of excited light to the above azo dye; and a detection step for the 
detection of fluorescence which Is emitted upon irradiation of the excited light, characterized in that the 2'- 
substltuent XI on the above 2'-naphthol AS phosphate Is any one of phenyl group, methyl group, Isopropyl 
40 group and methoxy group. 



According to the present invention, an azo dye Is produced by the above-mentioned coupling reaction 
between the naphthalene ring of the above 2'-naphthol AS phosphate and the above diazonium salt in the 
55 presence of phosphatase (see Figs. 1-3). 

This azo dye Is the so-called coupling product between the dephosphorylated form of the above- 
mentioned 2'-naphthol AS phosphate and a diazonium salt. Furthermore, this azo dye is a stable compound 
and further a fluorescent substance which gives off an intense fluorescence. 
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Here the above 2'-naphthol AS phosphate means a compound of the formula I wherein the above 
substituent Xi such as phenyl group is located at 2'-positlon (ortho-position) alone and no substituent is 
present at 3' and 5'-positions (meta-positions) and 4'-position (para-position). 

For example, the 2'-naphthol AS phosphate which has a phenyl group at the 2'-position of the above 
benzene ring is 3-hydroxy-N-2' -biphenyl-2-naphthalenecarboxamide phosphate ester (hereunder referred to 
as HNPP). Its chemical formula is shown by the formula II below. 




(II) 

As illustrated in Fig. 1, HNPP reacts with a diazonium salt, e.g.. 2-biphenyl diazonium chloride in the 
presence of phosphatase to produce a chromophoric azo dye. 

Further, as Fig. 2 demonstrates, HNPP reacts with 4-chloro-2-toluene diazonium chloride, a 
chromophoric diazonium salt, to produce a chromophoric azo dye. 

Here, as an example, 2'-naphthol AS phosphate having a methyl group at the 2'-position of the above 
benzene ring is 3-hydroxy-N-2'-methylphenyl-2-naphthalenecarboxamide phosphate ester(hereunder re- 
ferred to as HMPNP). The chemical structure thereof is shown in formula III below. 



0 

0P(0H)2 



CH3 

' (III) 



As is illustrated in Fig. 3, HMPNP reacts with a diazonium chloride in the presence of phosphatase to 
produce a chromophoric azo dye. 

The foregoing applies to the other 2*-naphthol AS compounds as well, and the listing of their names is 

omitted. 

In addition, the above-mentioned 2'-naphthol AS phosphate may include those represented by the 
formula IV below which has a substituent X2 at the 7-position of the naphthalene ring. 

The above substituent Xz includes H, Br, phenyl group (CsHs), methyl group (CHs). isopropyl group 
(CH2(CH3) CH3), etc. 
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In general the above-mentioned phosphatase includes phosphatase which is present in tissues or cells, 
and further phosphatase labelled with a nucleic acid probe. The above-mentioned tissue includes, e.g., 
75 kidney or liver tissue. 

The above-mentioned chromosome may be an endogenous one in a tissue or an escternal one taken out 
from a tissue. 

In addition, the above phosphatase is present on, for example, a nucleic acid probe. This nucleic acid 
probe may be subjected to hybridization with RNA or chromosomal DNA in tissues or cells. 
20 That is, first a nucleic acid probe labelled with phosphatase is hybridized with a certain base sequence 
site of RNA or on chromosomal DNA in a tissue or cell. Then removal is made of the portion of the above- 
mentioned nucleic acid probe which has not taken part in the hybridization with the certain base sequence 
site. 

Thereafter the above-mentioned phosphatase is reacted with a 2'-naphthoi AS phosphate for the 
25 coupling between the 2'-naphthol AS phosphate and a diazonium salt, resulting In the production of an azo 
dye. The subsequent irradiation of an excited light to the above-mentioned azo dye causes emission of 
fluorescence from the azo dye which is to be detected. 

Thus the above-mentioned certain base sequence site of RNA or chromosomal DNA may be detected. 
On the other hand, prior to the linking of the above nucleic acid probe to the above phosphatase, it is 
30 usual to bond an antibody to the phosphatase, and an antigen to the nucleic acid probe first. And after that, 
the antibody and the antigen are subjected to the reaction. 

The phosphatase available for use according to the present invention may be either alkaline 
phosphatase or acid phosphatase. 

The above-mentioned diazonium salt may be one or more which is selected from the group consisting 
35 of 2-biphenyl diazonium chloride, 4-methoxy-2-biphenyl diazonium chloride, 3-biphenyl diazonium chloride, 
4-methoxy-3-biphenyl diazonium chloride. 2-toluene diazonium chloride, 4-chloro-2-toluene diazonium chlo- 
ride, 3-bromo-6-toluene diazonium chloride, 3-bromo-4-toluene diazonium chloride, 2-methoxybenzene 
diazonium chloride, 2,4-dimethoxy benzene diazonium chloride, 3-chloro-4,6-dimethoxy benzene diazonium 
chloride, 2-bromobenzene diazonium chloride, 3-acetamidobenzene diazonium chloride, naphthalene dia- 
40 zonium chloride, 3-hydroxy-2-naphthalene diazonium chloride. 2-anthracene diazonium chloride, 2',4'- 
dimethoxy-4-stilbene diazonium chloride, benzothiazole diazonium chloride. 5-diethylaminosulfonyl-2-methox- 
ybenzene diazonium chloride, 4-methoxy-2-nitrobenzene diazonium chloride, 2-methoxy-4-nitrobenzene 
diazonium salt, p-nitrobenzene diazonium tetrafluoroborate, 2-methoxy-5-chlorobenzene diazonium chloride 
and 2-methoxy-3-dibenzofuran diazonium salt. 
45 According to the detection method of the present invention, a 2'-naphthol AS phosphate is bound to a 
diazonium salt in the presence of phosphatase to produce an azo dye. 

This azo dye has a stable structure and emits a more intense fluorescence than the fluorescent 
substances of the prior art. And the fluorescence time is approximately 30 minutes or more, and thus the 
fluorescence lasts for a long time. Therefore phosphatase may be detected at a high sensitivity; for 
50 example, high sensitive detection of RNA or chromosomal DNA in tissues or cells is possible. 

Particularly, the sensitivity may be further improved when the diazonium salt is a biphenyl diazonium 
chloride type of diazonium salt. 

Accordingly the detection method of the present invention may be carried out under the usual lighting, 
which contributes to an increased working efficiency. Furthermore there is no need to effect the fluores- 
55 cence detection in a dark room. 

The foregoing effects are supposed to result from the fact that the azo dyes referred to above have a 
stable structure and excellent ability to deposit on cells, tissues or chromosomes. 
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Additionally, as the fluorescence undergoes little fading even upon exposure to an intense excited light 
source, the method may by applied to not only the characterization but also the quantitative analysis of 
phosphatase. 

Further, the 2'-naphthol AS phosphates do not emit fluorescence prior to their reaction with 
5 phosphatase, so it Is easy to detect a luminescent signal in the reaction solution thereby confirming the 
presence or absence of phosphatase. 

Moreover the practice of the method of detecting phosphatase according to the present Invention after 
the above-mentioned hybridization between RNA or chromosomal DNA and a nucleic acid probe presents 
information useful for the determination of the location of a certain base sequence site of the RNA or 
10 chromosomal DNA. 

Also, for the determination of the location of a certain base sequence site of the RNA or chromosomal 
DNA, both the certain base sequence and the entire chromosome may be photographed on the same 
image. This makes the image processing easy. In addition, the diffusion of the excited light is little enough 
to provide a vivid image. 
15 Additionally, the excited light may be observed with an ordinary fluorescence microscope. 

Meanwhile, the choice of the type of dlazonlum salt enables the change of the wave length of the 
fluorescent signal. For this, the present invention may be applied to multi-color fluorescence detection 
systems which employ several kinds of nucleic acid probes as well. 

For example, HNPP and 4-chloro-2-toluene diazonium chloride are used when FITC probe Is used in 
20 combination therewith, while HNPP and p-nltrobenzene diazonium tetrafluoroborate are used when TRITC 
probe is used in combination therewith. Here, a red color is developed in the former case, whereas a yellow 
color in the latter. 

The thus produced fluorescent azo dyes emit a more intense fluorescence than the fluorescent 
substances of the prior art, and further are substances which have excellent ability to deposit on tissues or 
25 chromosomes, and therefore with them a higher sensitive detection of RNA or chromosomal DNA in tissues 
or cells is possible. Therefore, according to the present invention, it Is possible to detect the RNA in a 
tissue or cell or chromosomal DNA which has been labelled with phosphatase and subjected to in-situ 
hybridization, at a higher sensitivity than before. 

As mentioned above, an intense fluorescence may be emitted for a long time according to the present 
30 invention which therefore presents an easy operable method of detecting phosphatase. 

Examples 

Example 1 

35 

In this example, phosphatase in the frozen tissue preparation of mouse kidney was reacted with the 
above-mentioned HNPP, a 2'-naphthol AS phosphate, to which was bound 2-biphenyl diazonium chloride to 
yield an azo dye. Excited light was in-adiated to the azo dye and the fluorescence which was emitted by the 
irradiation of the excited light was detected. 
40 A detailed explanation will be given regarding this. 

1) Preparation of 2-biphenyl diazonium chloride 

First, 500 mg of o-aminobiphenyl was dissolved in 2.4 ml of 13.6% hydrochloric acid (4 molar 
45 equivalents), and the resulting solution was subjected to ultrasonic treatment for 10 minutes and then kept 
at the freezing point. To the solution at the freezing point was added dropwise 0.8 ml of a 25 % aqueous 
solution of sodium nitrite (1 molar equivalent) slowly while stirring. After the addition, the mixture was stirred 
at the freezing point for 2 hours, followed by addition of 0.6 ml of saturated zinc chloride while stirring at the 
freezing point. This caused precipitation of zinc chloride double salt of diazonium chloride, 
so Then, the mixture was allowed to stand at 0 • C for 2 hours while stirring sometimes. Next, it was filtered 
by suction and washed with cold ether, followed by air drying. Thus there was produced 650 mg of zinc 
chloride double salt of 2-biphenyl diazonium chloride. 

2) Preparation of reaction solution 

55 

Thereafter, a substrate solution, which was prepared dissolving HNPP in a Tris-HCl buffer solution (Tris- 
HCI 100 mM, NaCI 100 mM, lV!gCl2 50 mM) to a concentration of 100 ug/ml, and a diazonium solution, 
which was prepared by dissolving the above-mentioned zinc chloride double salt of 2-biphenyl diazonium 
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chloride in dimethylformamide to a concentration of 250 ug/nnl, were mixed to prepare a reaction solution. 
3) Detection of phosphatase on frozen tissue preparation of mouse l<idney 

s Kidneys were extracted from a mouse and then frozen at -15 'C, after which a frozen tissue slice 
approximately 10 micron thicic was prepared by cutting off therefrom. This frozen tissue slice was then 
immersed into acetone at -15*C for more than several hours, thereafter it was placed in 4% paraformamide 
and fixed on an slide glass for 20 minutes, followed by washing with a phosphate buffer solution (NaC1 130 
mM, Na2HP04 7 mM, NaHaPO* 30 mM) three times each for 5 minutes and storage in a phosphate buffer 

70 solution at 4° C. 

Then, the slide glass with the above-mentioned frozen tissue slice thereon was immersed into the 
above-mentioned reaction solution for an approximately 5 minutes' reaction at room temperature. After the 
reaction, the slide glass was washed with water three times, and, after the water was well drained off, 
glycerol was added dropwise to the slide glass for encapsulation. 
75 Then, the observation of the fluorescent signal emitted from the tissue slice on the slide glass was 
carried under a fluorescence microscope. As a result, as illustrated in Fig. 4 (photograph, microscope 
magnification: X 100; aperture: open, exposure time: 30 seconds), an intense red fluorescence was 
detected. 

20 Example 2 

In this example, phosphatase in the frozen mouse kidney tissue preparation was detected in the same 
manner as in Example 1 except that each of the following diazonium salts was used instead of the 2- 
biphenyl diazonium chloride in Example 1, in combination with the above-mentioned HNPP. 
2S That is, the diazonium salts used in this example include the following: 

4-methoxy-2-blphenyl diazonium chloride, 3-biphenyl diazonium chloride. 4-methoxy-3-biphenyl dia- 
zonium chloride, 2-toluene diazonium chloride, 4-chloro-2-toluene diazonium chloride, 3-bromo-6-toluene 
diazonium chloride. 3-bromo-4-toluene diazonium chloride, 2-methoxybenzene diazonium chloride, 2,4- 
dimethoxybenzene diazonium chloride, 3-chloro-4,6-dimethoxybenzene diazonium chloride, 2-bromoben- 
30 zene diazonium chloride, 3-acetamidobenzene diazonium chloride, naphthalene diazonium chloride, 3- 
hydroxy-2-naphthalene diazonium chloride, 2-anthracene diazonium chloride, 2',4'-dimethoxy-4-stilbene 
diazonium chloride, benzothiazole diazonium chloride, 5-diethylaminosulfonyl-2-methoxybenzene diazonium 
chloride, 4-methoxy-2-nitrobenzene diazonium chloride. 2-methoxy-4-nitrobenzene diazonium salt, p- 
nitrobenzene diazonium tetrafluoroborate. 2-methoxy-5-chlorobenzene diazonium chloride and 2-methoxy-3- 
35 dibenzofuran diazonium chloride. 

All the results were photographed under entirely the same conditions (microscope magnification: x 100; 
aperture: open, exposure time: 30 seconds), an extremely intense red fluorescence was detected in the 
same manner as in Example 1. 

Figs. 5-15 show the results of the above detection of phosphatase when the various diazonium salts 
40 were used. 

That is. Figs. 5-9 reflect the cases of the use of 4- methoxy-2-biphenyl diazonium chloride, 3-biphenyl 
diazonium chloride, 4-methoxy-3-biphenyl diazonium chloride, 4-chloro- 2-toluene diazonium chloride and 2- 
toluene diazonium chloride, respectively. 

Also, in the same manner. Figs. 10-15 reflect the cases of the use of 3-bromo-6-toluene diazonium 
45 chloride, 3-bromo- 4-toluene diazonium chloride, 2-methoxybenzene diazonium chloride, 2,4-dimethoxyben- 
zene diazonium chloride, benzothiazole diazonium chloride and 2-methoxy-3-dibenzofuran diazonium chlo- 
ride, respectively. 

As shown in the above respective figures, an extremely intense red fluorescence was detected at each 
of the locations of phosphatase. 
50 Notable difference is hard to be reproduced in the photographs, nevertheless, as Figs. 5-7 show, there 
is provided faint background which contributes to the particularly easy decision when a biphenyl diazonium 
chloride is employed as the diazonium salt. 

Example 3 

55 

In this example, phosphatase in the frozen mouse kidney tissue was detected. For this, a reaction 
solution was prepared by using HNPP and Fast Red B (green) (product of SIGMA Co.) (2-methoxy-4- 
nitrobenzene diazonium chloride) instead of the HNPP and 2-biphenyl diazonium chloride used in Example 
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1. In the reaction solution, the concentration of HNPP was 100 ng/ml, while that of the above Fast Red B 
(green) was 2.5 mg/nnl. 

Otherwise, in the same manner as in Example 1 , detection was made of phosphatase on a frozen tissue 
preparation from mouse kidneys. Observed fluorescent signal which was emitted from the tissue slice on a 
slide glass under a fluorescence microscope is shown in Fig. 16 (photograph, microscope magnification: x 
100; aperture: open, exposure time: 30 seconds) which demonstrates the detection of an intense yellow 

fluorescence. 

Example 4 

In this example, detection was made of a specific DNA sequence in a salivary chromosome sample 
from a yellow fruit- fly (in situ). 

That is, a salivary gland was extracted from a third instar larva of Drosophila metanogaster, and spread 
on a slide glass, after which the sample DNA was subjected to alkali denaturation in a 0.07 N NaOH 
solution. Next, it was hybridized with a part of G6PD (Glucose-6-Phosphate Dehydrogenase) gene sequence 
as the nucleic acid probe. 

The nucleic acid probe was labelled with digoxigenin according to the random priming technique. After 
the hybridization followed by washing, blocking treatment was made with bovine serum albumin, after 
which, following the protocol of the Boehringer Mannheim AG, the alkali phosphatase-labelled anti- 
digoxigenin antibody was bound to the digoxigenin. 

After the excess antibody was washed off, the above slide glass was immersed into the reaction 
solution which contained HNPP and Fast Red TR (4-chloro-2-methylbenzene diazonium chloride) (HNPP: 
100 um, Fast Red TR: 2.5 mg/ml), followed by a 2 hour reaction at 37*0 which produced a detectable red 
band on the chromosome. 

Comparison 1 

In this comparison, a substrate solution was prepared by using an equivolume of Naphthol AS-MX 
Phosphate (3-hydroxy- N,2', 4" -dimethylphenylnaphthalenecarboxamide phosphate ester) instead of the 
HNPP in Example 1 , and otherwise in the same manner as in Example, detection of phosphatase was made 
for a frozen tissue preparation from mouse kidneys. 

As is shown in Fig. 17, the result was that the fluorescent was significantly weak as compared with that 
in Example 1. 

Comparison 2 

In this comparison, a substrate solution was prepared by using a Naphthol AS-BI Phosphate (7-bromo- 
3-hydroxy-N-2'-methoxyphenylnaphthalenecarboxamide phosphate ester) instead of the HNPP in Example 
1, and othenwise in the same manner as in Example 1, detection of phosphatase was made for a frozen 
tissue preparation from mouse kidneys. The result was the same as in Example 1 in that the fluorescent 
was significantly weak. 

Example 5 

In this example, 3-hydroxy-N-2' -biphenyl-2-naphthalenecarboxamide phosphate ester(HNPP) and 2- 
biphenyl diazonium chloride were synthesized and used for the detection of phosphatase in a frozen tissue 
preparation of mouse kidneys. 

Hereunder the foregoing will be explained in detail. 

1) Method for synthesis of HNPP 

First, 18 g (0.1 mol) of 2-hydroxy-3-naphthoic acid. 200 ml of dehydrated xylene and 15 g (0.09 mol) of 
2-amino biphenyl were charged into a 300 cc matrass equipped with a Dimroth condenser, and the mixture 

was stirred at 80 °C for 10 minutes. 

Then phosphorus trichloride (0.03 mol) was added to the mixture which was then refluxed for 2 hours. 
Subsequently the reaction solution was decanted while hot to collect the supernatant. This supernatant was 
then cooled for precipitation. The resulting precipitate was filtered off, and washed with xylene and then with 
distilled water. This precipitate was then put in a 3% aqueous solution of hydrochloric acid, filtered after 
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heating, after which the solution was cooled to separate a precipitate. After that, this precipitate was washed 
with hot water, and then dried. 

Next, this precipitate was recrystallized to yield 3-hydroxy-N-2' -biphenyl-2-naphthalenecarboxamide 
represented by the formula V. 



Then, 5.09 g (0.015 mol) portion of this 3-hydroxy-N-2'-biphenyl-2-naphthalenecarboxamide was dis- 
solved in 200 ml of dioxane, and to the resulting solution there was added 15.6 g (0.075 mol) of phosphorus 
pentachloride, followed by stirring at 50 'C for 1 hour. Thereafter the mixture was slowly poured into 400 
ml of icy water to separate crystals which were then filtered off. 

Thereafter, the filtered-off crystals were well dried, and then dissolved in the minimal volume of N.N'- 
dimethylformamide. Next, the resulting solution was poured into a 0.2 N sodium carbonate solution in water, 
which was then stirred at 0 • C for 2 hours without any further processing. Afterwards the crystals in the 
solution were removed by filtration by suction which was repeated twice. Next, a small cup receiving a 0.45 
dm filtration paper (product of Miliipore Co.) was used for additional filtration by suction, and 3 N 
hydrochloric acid was added to the filtrate for recrystallization. 

After that, the resulting suspension containing the crystals due to the recrystallization was subjected to 
filtration, well washed with distilled water and then dried to provide 1.4 g of HNPP (3-hydroxy-N-2'-biphenyl- 
2-naphthalenecarboxamide phosphate ester). 

2) Method for synthesis of 2-biphenyl diazonium chloride 

First, 500 mg of o-aminobiphenyl was suspended in 13.6% hydrochloric acid, and the resulting solution 
was subjected to ultrasonic treatment for 10 minutes and then kept at freezing point. 

To the solution at freezing point was added 812 ul of a 25% aqueous solution of sodium nitrite, 
followed by stirring at O'C for 2 hours. Then, to the solution was added 600 ul of a saturated aqueous 
solution of zinc chloride while stirring, and the mixture was allowed to stand 0 °C for precipitation of 
crystals for 2 hours while stirring sometimes. Then filtration was carried out to separate the crystals which 
were then washed with cold ether and air-dried satisfactorily to yield 650 mg of zinc chloride double salt of 
2-biphenyl diazonium chloride. 

3) Preparation of reaction solution 

Next, the above-mentioned HNPP and 2-biphenyl diazonium chloride were dissolved in an HCI buffer 
solution at pH 8 to prepare a reaction solution. In this reaction solution, HNPP was present at 2.5 x 10"* 
mol/l, whereas 2-biphenyl diazonium chloride at 8.8 x 10~* mol/l. 

4) Detection of phosphatase on frozen tissue preparation from mouse kidneys 

Next, kidneys were extracted from a mouse and was frozen at -15* C to prepare a frozen tissue slice 
therefrom. The slice was immersed into -15 'C for several or more hours, after which it was fixed on a slid 
glass in 4 % paraformamide at 4 for 20 minutes, and washed with a phosphate buffer solution three 
times each for 5 minutes, and stored in a phosphate buffer solution at 4*C. 

Afterwards the slide glass with the above-mentioned frozen tissue slice thereon was immersed into the 
above-mentioned reaction solution, followed by a reaction for approximately 5 minutes at room temperature. 
After the reaction, the slice was washed with water three times, well drained off, and thereafter encapsulated 
into glycerol. 

Next, the observation of a fluorescent signal from the phosphatase in the frozen tissue slice was carried 
out with a fluorescence microscope to detect an intense red fluorescence as shown in Fig. 18. 
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For reference, the above result was compared with that of the commercially available Naphthol AS-MX 
Phosphate or Naphthol AS-BI Phosphate. As a result, the fluorescence of the former case was significantly 
weaker than that of the case of the use of HNPP, and the fluorescence was so much weaker in the latter 
case that it could not be detected. 

Example 6 

In this example, each of the diazonlum salts listed below as 1)-8) was used, and alkaline phosphatase in 
a frozen tissue from mouse kidneys was detected in the same manner as in Example 5. 

1) Fast Red TR (4-chloro-2-methylbenzene diazonium chloride); 

2) Fast Red B (green) (2-methoxy-4-nitrobenzene diazonium chloride); 

3) Fast Red GG (green) (4-nitrobenzene diazonium chloride); 

4) Fast Bordaux GP (red) (4-methoxy-2-nitrobenzene diazonium chloride); 

5) Fast Red ITR (green) (5-dlethylaminosulfonyl-2-methoxybenzene diazonium chloride); 

6) Naphthanil Diazo Red RC (red) (5-chloro-2-methoxybenzene diazonium chloride); 

7) Naphthtalene diazonium salt; and 

8) 3-methoxydibenzofuran diazonium salt. 

As a result, an intense fluorescence was delected in each case in the same manner as in Example 5. 
Example 7 

In this example, detection was made of phosphatase on a frozen tissue preparation from mouse livers. 

First, as in Example 5, HNPP and 2-biphenyl diazonium chloride were dissolved in a Tris-HCI buffer 
solution at pH 8 to prepare a reaction solution. 

Separately, liver was extracted from a mouse and frozen with liquid nitrogen to prepare a frozen tissue 
slice. The slice was Immersed Into acetone at -70 • C overnight was then kept at 4 • C. 

Thereafter, the above-mentioned frozen tissue slice was immersed into 95 % ethanol, placed on a slide 
glass and then dried. Next, this slide glass was immersed into the above reaction solution for an 
approximately 5 minutes' reaction at 37 'C. This slide glass was washed with water after the reaction, then 
the slice was encapsulated into water. 

Next, the observation of a fluorescent signal from the phosphatase in the frozen tissue slice was carried 
out by fluorescence microscopy; a strong red fluorescence was detected as shown in Fig.19. 

For reference, the above-mentioned result was compared with the performance of the commercially 
available Naphthol AS-MX Phosphate or Naphthol AS-BI Phosphate. The fluorescence detected in the 
former case was remarkably weak as compared with the case of HNPP. The other case emitted an even 
weaker fluorescence which was hard to detect. 

Example 8 

In this example, detection was made of human satellite DNA (multicopy) on a human metaphase 
chromosome (detection of multicopy). 

That is, first a metaphase chromosome specimen prepared from human peripheral blood lymphocytes 
was denatured by heating at 75 ° C for 10 minutes. 

Next, human satellite DNA was prepared by labelling with biotin according to the PGR, and hybridized 
(in situ) with the above-mentioned metaphase chromosome specimen as the nuclei acid probe. Thereafter, 
the above metaphase chromosome specimen hybridized with the above nucleic acid probe was washed. 

Then, the metaphase chromosome specimen was subjected to a blocking treatment with an aqueous 
solution of dried skim milk for its linking with an alkali phosphatase-labelled anti-biotin antibody. After the 
excess antibody was removed, a 30 minutes' reaction was carried out in a reaction solution containing 
HNPP and 2-biphenyl diazonium chloride dissolved therein in an atmosphere at room temperature. The 
chromosome specimen underwent contrast staining with Hoechst-quinacrine. 

Subsequently, a fluorescence microscope was used for the observation of the above chromosome 
specimen. As a result, as shown in Fig. 20, an intense red fluorescent signal was detected in the 
centromere region of the chromosome. Also a vivid blue fluorescent band pattern of the chromosome was 
detected on the same photographed image. 
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Example 9 



In this example, detection was made of human c-myc gene on a human chromosome specimen 
(detection of single copy). 

That is, first a chromosome specimen prepared from human peripheral blood lymphocytes was 
denatured by heating at 75* C for 10 minutes. Next, the human c-myc gene as the nucleic acid probe was 
labelled with biotin according to the niclt-translation. After that, the labelled human c-myc gene was 
hybridized (in situ) with the above denatured chromosome speciman.. 

Then, the treatment was effected in the same manner as in Example 8, after which a 30 minutes" 
reaction was repeated four times in a reaction solution containing 100 wg/ml of HNPP and 250 ng /ml of 2- 
biphenyl diazonium chloride dissolved therein, at room temperature. The chromosome specimen underwent 
contrast staining with Hoechst-quinacrine. 

Subsequently, a fluorescence microscope was used for the observation of the above chromosome 
specimen. As a result, as shown in Fig. 21, an intense red fluorescent signal was detected on the 8th 
chromosome. Also a vivid green fluorescent pattern of the entire chromosome was detected on the same 
photographed image. 

Also in this example, a nucleic acid consisting of a short chain of 2.4 kb was hybridized with a certain 
base sequence site which was detected successfully. 



In this example, HMPNP (3-hydroxy-N-2'-methylphenyl-2- naphthalenecarboxamide phosphate ester) 
was synthesized, and with this the detection of phosphatase on a frozen tissue preparation from mouse 
kidneys was carried out in the same manner as in Example 5. 

First, 5 g (0.027 mol) of 2-hydroxy-3-naphthoic acid. 40 ml of dehydrated xylene and 0.023 moi of 2- 
aminotoluene were charged into a 300 cc matrass equipped with a Dimroth condenser, and the mixture was 
stirred at 80 "C for 10 minutes. 

Then phosphorus trichloride (0.01 mol) was added to the mixture. Then this mixture was refluxed for 2 
hours. Subsequently the reaction solution was decanted while hot to collect the supernatant. This super- 
natant was then cooled to 4 - C, and the separated precipitate was filtered off. 

Thereafter the precipitate was washed with xylene and then with distilled water. This precipitate was 
then put in a 3% aqueous solution of hydrochloric acid, filtered after heating, after which the solution was 
cooled. The filtered- off precipitate was washed with hot water, and then dried. Next, this precipitate was 
recrystallized to yield 3-hydroxy-N-2' -methylphenyl-2-naphthalenecarboxamide represented by the formula 
VI. 



Then. 5 g (0.015 mol) portion of this 3-hydroxy-N-2'-methylphenyl-2-naphthalenecarboxamide was 
dissolved in 200 ml of dioxane, and to the resulting solution there was added 15.6 g (0.075 mol) of 
phosphorus pentachlorlde. followed by stirring at 50 'C for 1 hour. Thereafter the mixture was slowly poured 
into 400 ml of icy water to separate crystals which were then filtered off. Thereafter the crystals were well 
dried, and then dissolved in the minimal volume of N.N'-dimethylformamide. Next the resulting solution was 
poured into a 0.2 N sodium carbonate solution in water, which was then stirred at 0 • C for 2 hours without 
any further processing. 

Afterwards the crystals in the solution were removed by filtration by suction which was repeated twice. 
Next a small cup (product of Millipore Co.) was used for additional filtration by suction, and 3 N hydrochloric 
acid was added to the filtrate for recrystallization. 



Example 10 




CH3 



(VI) 
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After that, the resulting suspension containing crystals was subjected to filtration, well washed with 
distilled water and then dried. Thus there was provided 800 mg of 3-hydroxy-N-2' -methylphenyl-2- 
naphthalenecarboxamide phosphate ester. 

Next, with the thus obtained 3-hydroxy-N-2' - methylphenyl-2-naphthalenecarboxamide phosphate ester 
5 was used, and alkaline phosphatase on a frozen tissue from mouse kidneys was detected in the same 
manner as in Example 5. As a result, as shown in Fig. 22, an intense red fluorescence was detected as the 
fluorescent signal from the phosphatase in a frozen tissue slice from mouse kidneys. 

Example 11 

70 

In this example, 7-bromo-3-hydroxy-N-2'-biphenyl-2-naphthalenecarboxamide phosphate ester was syn- 
thesized, and with this the detection of phosphatase on a frozen tissue preparation from mouse kidneys was 
carried out in the same manner as in Example 5. 

That is, first 5 g of cyanuric chloride was dissolved In 100 ml of acetone, followed by addition of 10 g of 
IS Naphthol AS-BI (product of Sigma Co.) and then 24 ml of 10% caustic soda to the resulting solution which 
was further stirred for 3 hours. After that, 500 ml of 3% caustic soda was vigorously poured into the mixture 
which was stirred at 60 • C for 5 hours, followed by further stirring at room temperature overnight. 

Then the solution was filtered, and the acetone in the filtrate was removed with an evaporator, after 
which cone, hydrochloric acid was added to the remaining solution. The precipitated crystals were extracted 
20 with ethyl acetate, dehydrated and then dried. Thus there was obtained 7-bromo-3-hydroxy-N-2-naph- 
thalenecarboxylic acid. 

Thereafter 5 g (0.027 mol) portion of this 7-bromo-3- hydroxy-N-2-naphthalenecarboxylic acid, 40 ml of 
dehydrated xylene and 0.023 mol of 2-aminobiphenyl were charged into a 100 ml matrass equipped with a 
Dimroth condenser, and the mixture was stirred at 80 ° C for 1 0 minutes. 

25 Then phosphorus trichloride (0.01 mol) was added to the mixture which was then refluxed for 2 hours. 
Subsequently the reaction solution was decanted while hot to collect the supernatant. This supernatant was 
then cooled to 4* C for precipitation. The precipitate was filtered off, after which it was washed with xylene 
and then with distilled water. Next this precipitate was put in a 3% aqueous solution of hydrochloric acid, 
filtered after heating, and then the solution was cooled. Thereafter the precipitate was washed with hot 

30 water, and then dried. 

Next, this precipitate was recrystallized to yield 7- bromo-3-hydroxy-N-2'-biphenyl-2-naphthalenecarbox- 
amide represented by the formula VII. 



35 



40 




(VII) 



Then 4 g (0.01 mol) portion of this 7-bromo-3-hydroxy- N-2' -biphenyl-2-naphthalenecarboxamide was 

dissolved in 120 ml of dioxane, and to the resulting solution there was added 11.26 g (0.05 mol) of 
45 phosphorus pentachloride, followed by stirring at 50 °C for 1 hour. Thereafter the mixture was slowly 

poured into 250 ml of icy water to separate crystals which were then filtered off. The crystals were well 

dried, and then dissolved in the minimal volume of N.N'-dimethyl-formamide. 

Next the resulting solution was poured into a 0.2N sodium carbonate solution in water, which was then 

stirred at 0 • C for 2 hours without any further processing. Afterwards the crystals which precipitated during 
50 the stirring were filtered off. and 3N HCI was added to the filtrate for crystallization. After that, the resulting 

suspension was subjected to filtration, and the obtained crystals were washed with distilled water to be 

dried. Thus there was provided 1.19 g of 7-bromo-3-hydroxy-N-2'-biphenyl-2-naphthalenecarboxamide 

phosphate ester represented by the formula VIII. 

55 
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0P(0H)2 



Br 



^CONH-^ 




(VIII) 



Next, with the thus obtained 7-bromo-3-hydroxy-N-2'-biphenyl-2-naphthalenecarboxamide phosphate 
ester, phosphatase on a frozen tissue preparation from mouse kidneys was detected in the same manner as 
in Example 5. 

As a result, as shown in Fig. 23. an intense red fluorescence was detected as the fluorescent signal 
from the phosphatase in a frozen tissue slice from mouse kidneys, which was the same as in Example 5. 



In this example, in the same manner as in Example 5, measurement was made of the degree of 
diffusion of phosphatase detected in a frozen mouse kidney tissue preparation, and the specific fluores- 
cence Intensity, exciting wavelength (Xex) and fluorescence wavelength (X em) for azo dyes. 

For this detection, as is shown in Rg. 24, HNPP or a 2'-naphthol AS phosphate was reacted with 2 
kinds of diazonium salts (samples 1 and 2). These diazonium salts are monosubstituted at the 2-position of 
the benzene ring. 

For comparison, the one wherein chlorine (CI) was substituted for the hydrogen (H) at the 4-position of 
the benzene ring of a diazonium salt (sample 3), the one wherein the hydrogens at the 2- and 5-positions 
were replaced by CbHs and OCH3 (sample 4) and the one with the 2- and 4-hydrogens replaced by CH3 
and Br (sample 5) were measured in the same manner as mentioned above. 

The results are shown in Fig. 25. In Fig.25, X3 Is a benzene ring bound to the azo group in an azo dye 
and a side chain on the benzene ring, which is shown in Fig. 24. "Ph" stands for CbHs (phenyl group). " Xgx 
" stands for exciting wavelength. "X em" stands for fluorescence wavelength. "Specific FL" denotes relative 
fluorescence intensity as compared with sample 6 in Example 1 3 below for which 1 was assigned for the 
comparison with samples 1-5 in this example. 

Further "diffusion" stands for the diffusion of the fluorescent region of the tissue preparation; "A" for a 
moderate degree of diffusion, and "x" for a large degree of diffusion. 

As the above-mentioned figure shows, such diazonium salts with phenyl or methyl group at the 2- 
position of the benzene ring as samples 1 and 2 according to the present invention provided a high specific 
FL and no diffusion. On the contrary, low specific FL and diffusion were observed for samples 3-5. These 
results teach that only 2-monosubstltuted ones reflect satisfactory structures. 



In this example, in the same manner as in Example 10, measurement was made of the degree of 
diffusion of phosphatase detected in a frozen mouse kidney tissue preparation, and the exciting wavelength, 
fluorescence wavelength and relative fluorescence intensity for azo dyes. 

For this detection, as is shown in Fig. 26, HMPNP or a 2'-naphthol AS phosphate was reacted with 2 
kinds of diazonium salts (samples 6 and 7). 

For comparison, the one wherein chlorine (CI) was substituted for the hydrogen (H) at the 4-position of 
the benzene ring of a diazonium salt (sample 8), the one wherein the hydrogens at the 2- and 5-positions 
were replaced by GeHs and OCH3 (sample 9) and the one with the 2- and 4-hydrogens replaced by CH3 
and Br (sample 10) were measured in the same manner as mentioned above. 

The results are shown in Fig. 27 similarly in Flg.25 for Example 25. Here, regarding the "specific FL", 1 
was assigned to sample 6 for the comparison with the other samples 7-10. 

As the above-mentioned figure shows, such diazonium salts with phenyl or methyl group at the 2- 
position of the benzene ring as those according to the present invention caused little diffusion. On the 
contrary, rather great diffusion was observed for comparison samples 8-9. These results teach that only 2- 
monosubstituted ones reflect satisfactory structures. 



Example 12 
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An easy operable method of detecting phosphatase which comprises a step for the production of a dye 
to obtain an azo dye by the reaction of phosphatase in a tissue or cell or on chromosome with a 2'-naphthol 
AS phosphate, e.g. 3-hydroxy- N-2-biphenyl-2-naphthalenecarboxamlcle phosphate ester, followed by the 
reaction between the 2'-naphthol AS phosphate with a diazonlum salt; an excitation step for the irradiation of 
excited light to the azo dye; and a detection step for the detection of fluorescence which is emitted upon 
irradiation of the excited light. The fluorescence is intense and lasts for a long time. 

0 

.0P(0H)2 



OO^cONH-p 



(I) 



20 Claims 

1. A method of detecting phosphatase which comprises a step for the production of a dye to obtain an 
azo dye by the reaction of phosphatase with 2'-naphthol AS phosphate represented by the general 
formula I below, for the coupling between said 2'-naphthol AS phosphate and a diazonium salt; an 
25 excitation step for the irradiation of excited light to said azo dye; and a detection step for the detection 
of fluorescence which is emitted upon irradiation of the excited light, characterized in that the 2'- 
substltuent Xi on said 2'-naphthol AS phosphate is any one of phenyl group, methyl group, isopropy! 
group and methoxy group. 



Xi 

(I) 

2. A method of detecting phosphatase according to Claim 1, characterized in that said phosphatase Is 

45 present in a tissue or cell. 

3. A method of detecting phosphatase according to Claim 1 or 2, characterized in that said phosphatase is 

present on a nucleic acid probe. 

50 4. A method of detecting phosphatase according to Claim 3, characterized in that said nucleic acid probe 
is hybridized with RNA or chromosomal DNA in a tissue or cell. 

5. A method of detecting phosphatase according to Claim 1 , characterized in that said diazonium salt is 
one or more selected from the group consisting of 2-biphenyl diazonium chloride, 4-methoxy-2- 
55 biphenyl diazonium chloride, 3-biphenyl diazonium chloride, 4-methoxy-3-biphenyl diazonium chloride, 
2-toluene diazonium chloride, 4-chloro-2-toluene diazonium chloride, 3- bromo-6-toluene diazonium 
chloride, 3-bromo-4- toluene diazonium chloride, 2-methoxybenzene diazonium chloride, 2, 4-dimethoxy 
benzene diazonium chloride. 3-chloro-4, 6-dimethoxybenzene diazonium chloride, 2-bromobenzene 



16 



EP 0 599 270 A2 



diazonium chloride, 3-acetamidobenzene diazonium chloride, naphthalene diazonium chloride, 3- 
hydroxy-2-naphthalene diazonium chloride, 2-anthracene diazonium chloride, 2', 4'-dimethoxy-4-stllbene 
diazonium chloride, benzothlazole diazonium chloride, 5-diethyl-aminosulfonyl-2-methoxyben2ene dia- 
zonium chloride, 4- methoxy-2-nitrobenzene diazonium chloride, 2-methoxy-4-nitroben2ene diazonium 
salt, p-nitrobenzene diazonium tetrafluoroborate, 2-methoxy-5-chloroben2ene diazonium chloride and 2- 
methoxy-3-dlbenzoturan diazonium salt. 

6. A method of detecting phosphatase according to Claim 1, characterized in that said 2'-naphthol AS 
phosphate has any substituent selected from the group consisting of Br, phenyl group, methyl group 
and isopropyl group at the 7-position of the naphthalene ring. 

7. A method of detecting phosphatase according to Claim 1, characterized in that said 2'-naphthol AS 
phosphate is one or more selected from the group consisting of 3-hydroxy-N-2' -biphenyl-2-naph- 
thalenecarboxamide phosphate ester, 3-hydroxy-N-2' -methylphenyl-2-naphthalenecarboxamide phos- 
phate ester and 7-bromo-3-hydroxy-N-2' -biphenyl-2-naphthalenecarboxamide phosphate ester. 

8. A method of detecting phosphatase according to Claim 1. characterized in that said diazonium salt is 2- 
biphenyl diazonium chloride and said 2'-naphthol AS phosphate Is 3-hydroxy-N-2' -biphenyl-2-naph- 
thalenecarboxami de phosphate ester. 

9. A method of detecting phosphatase according to Claim 1, characterized in that said diazonium salt is 2- 
biphenyl diazonium chloride and said 2'-naphthol AS phosphate is 3-hydroxy-N-2' -methylphenyl-2- 
naphthalenecarbox amide phosphate ester. 

10. A method of detecting phosphatase according to Claim 1. characterized in that said diazonium salt is 2- 
blphenyl diazonium chloride and said 2'-naphthol AS phosphate is 7-bromo-3-hydroxy-N-2' -biphenyl-2- 
naphthalenecarboxamide phosphate ester. 

11. A method of detecting phosphatase according to Claim 1, characterized in that said diazonium salt is 4- 
chloro-2-methylbenzene diazoniumu chloride and said 2'-naphthol AS phosphate is 3-hydroxy-N-2' 
-biphenyl-2-naphthalenecarboxamide phosphate ester. 
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F I G. 1 
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FIG. 2 
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F I G. 3 
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FIG. 5 
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FIG. 6 
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FIG. 12 



EP 0 599 270 A2 



FIG. 13 
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FIG. 20 
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FIG. 23 
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FIG. 24 
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FIG. 25 
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FIG. 26 
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FIG. 27 
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